OBJECTIVES The purpose of this study was to identify the relationship of B-type natriuretic peptide (BNP) with evolution of left ventricular mass (LVM) in optimally treated primary prevention patients.
of those in the highest tertile of BNP have no apparent cardiac abnormality on phenotyping (1).
BNP is known to be a very strong independent predictor of a poor (cardiac) prognosis in every population ever examined (2) (3) (4) (5) (6) (7) . This even seems to be the case in individuals with high BNP levels but no apparent cardiac abnormality on phenotyping (false positives). Several studies show that BNP levels predict prognosis over and above a wide range of baseline echocardiographic abnormalities, although, as would be expected, each echocardiographic abnormality explained part of the BNP risk (4) (5) (6) (7) .
The unexplained extra BNP risk not accounted for by echocardiographic abnormalities may be related to BNP being able to predict future but not yet apparent abnormalities in left ventricular (LV) structure or function (5, 8) . The hypothesis that these data raise is that one of the drivers for future LV abnormalities is intracardiac pressure and that an early subtle elevation in intracardiac pressure can be picked up by BNP before LV abnormalities are either present or detectable on imaging. We therefore set out to see whether in individuals with no apparent cardiac abnormality at baseline a high BNP value could identify those who would develop a cardiac abnormality during the next few years. We focused particularly on left ventricular mass (LVM) to see whether BNP predicted how this would change during the next few years in a population of treated primary prevention patients.
METHODS
STUDY POPULATION. This is a substudy of a previously reported larger study from our center (1) Kingdom. Patients included in the original study were 50 years or older, and were eligible for primary prevention only with no previous known CV events.
They had to be stable on therapy for at least 1 year and to have reached target for their primary risk factor, for example, office blood pressure (BP) #140/90 mm Hg.
We excluded those with previously known CV disease, known renal impairment (estimated glomerular filtration rate [eGFR] <60 ml/min), atrial fibrillation, and significant (defined as more than mild) valvular heart disease. All study subjects underwent clinical assessment, biochemical measurements (including BNP), electrocardiography, transthoracic echocardiography, dobutamine stress echocardiography to detect myocardial ischemia, and 24-hour ambulatory BP measurement.
From the original cohort of 300 primary prevention patients, 62 patients underwent baseline cardiac magnetic resonance (CMR) and 50 of them completed a second CMR after a mean follow-up of 3 years. BIOCHEMICAL ASSAYS. Biochemical measurements including BNP and high-sensitivity troponin T (hsTnT) were made by trained laboratory staff blinded to the clinical and echocardiographic data. BNP was measured using Triage BNP assay (Biosite Inc., San Diego, California). The interassay percentage coefficient of variation was 8.8% to 11.6%. The detection limit was 5 pg/ml and upper measuring limit was 5,000 pg/ml. hs-TnT was measured using a highly sensitive assay on an automated platform (Elecsys E170, Roche Diagnostics, Indianapolis, Indiana) with lower limit of blank (3 ng/l) and interassay percentage coefficient of variation #10%.
CARDIAC MAGNETIC RESONANCE. Cardiac magnetic resonance was performed at baseline and at 36 months on a 3-T Magnetom Trio scanner (Siemens, Erlangen, Germany) using body array and spine matrix radiofrequency coils as described in detail previously (9, 10) . CMR images were analyzed offline by an independent, blinded, magnetic resonance physicist (S.J.G.) using commercial software (Argus, Siemens Multi-modality Work Platform, version VB 15, Siemens). Electronic region-of-interest contours were placed around endocardial and epicardial LV borders on all CMR image slices at end-diastole and end-systole that were identified to contain 50% or more full-thickness myocardium. Papillary muscles were included in the LVM if the muscle structure was indistinguishable from the myocardial wall, but otherwise assigned to the LV blood pool. The process of contour placement was repeated such that every patient dataset at both time points was analyzed twice to optimize the measurement precision. The intraobserver variability was 2.02% at baseline and 1.97% at follow-up. Table 2 also shows that the 50 patients without target organ damage who received a CMR were virtually identical to the 148 patients in our index study who also had no target organ damage at baseline and did not undergo CMR at follow-up (1).
CMR DATA. Fifty patients completed the follow-up CMR scan, and mean follow-up was 36.3 AE 0.9 months. The average LVM at baseline was 105 AE 24 g and 55 AE 9 g/m 2 when indexed to body surface area.
At follow-up, LVM measured lower than baseline (mean D -4.9 AE 2.8 g) in 52% (26 of 50), whereas an increase (mean D 4.7 AE 3.5 g) in LVM was seen in 48%
(24 of 50) patients. Clinical characteristics of patients ACEi ¼ angiotensin-converting enzyme inhibitor; ARB ¼ angiotensin receptor blocker; BMI ¼ body mass index; BNP ¼ B-type natriuretic peptide; CMR ¼ cardiac magnetic resonance; CVD ¼ cardiovascular disease; DBP ¼ diastolic blood pressure; E/A ¼ ratio of the early to late ventricular filling velocities; E/e 0 ¼ ratio of the early diastolic transmitral flow velocity to the mitral annular velocity; eGFR ¼ estimated glomerular filtration rate; HDL ¼ high-density lipoprotein; hs-TnT ¼ high-sensitivity troponin T; LVEDV ¼ left ventricular end-diastolic volume; LVEF ¼ left ventricular ejection fraction; LVESV ¼ left ventricular end-systolic volume; LVM ¼ left ventricular mass; SBP ¼ systolic blood pressure. Table 1 , and the change in LV data on CMR are summarized in Table 2 . Not surprisingly, LV filling 7.9 pg/ml) and hs-TnT (mean hs-TnT 6.9 vs. 4.9 ng/l) levels at baseline were significantly higher in patients whose LVM increased with time ( Table 1 ). There was no significant effect of age or sex on this observation.
Among all the CMR parameters, only LVM and LVM index (LVMI) changed significantly according to baseline BNP values (Online Table 3 Table 3 ). This was the case whether the BNP tertiles were calculated on the basis of the tertiles of the original study (n ¼ 300) or the tertiles of this substudy (n ¼ 50) (Figure 2) . It is worth noting that the difference between tertile 1 and tertile 3 is large at nearly 12% of the mean baseline LVMI.
The independent predictive value of the interaction between DLVM and baseline BNP levels for explaining the evolution of LVM with time (dependent variable) was investigated by multiple linear regression analysis. We investigated 5 different models ( Table 3) . Model 1 was composed of previously reported clinical predictors of LVM such as age, sex, BP, body mass index, and history of smoking. Subsequent models explored the additional predictive value of adding total cholesterol and uric acid and then adding baseline hs-TnT or BNP on top of model 1.
As shown in Table 3 for BNP with a sensitivity and specificity of 70% and 88%, respectively, at a BNP level of 17 pg/ml.
DISCUSSION
Our main finding is that, in well-controlled primary prevention patients, a high BNP in the absence of any cardiac abnormality is able to identify those individuals whose LVM will increase during the next 3 years, that is, an elevated BNP is able to predict future increases in LVM. This may partly explain why, in so many studies, BNP predicts prognosis independent of echocardiographic abnormalities. Abbreviations as in Table 1 . 
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The Framingham study has already shown that the tendency for LVM to increase with aging in a population is highly variable from one individual to the next (11, 12) . Increases in LVM in treated hypertension are, however, far from innocent (13) . Serial changes in LVM predict CV events, independent of baseline LVM and independent of baseline BP or the degree of BP reduction (14) . It now appears from our data that BNP can identify those whose serial LVM will increase with time, and we know that such individuals are at increased risk and that they are currently inadequately identified by either baseline LVM or any BP parameter (14) .
A major strength of our study is that the population studied was comprehensively phenotyped at baseline, that is, they were all assessed for LVM, LV systolic dysfunction, left atrial enlargement, LV diastolic dysfunction, and most importantly, for silent myocardial ischemia. All 5 of these abnormalities are known to increase BNP and to herald a poor prognosis (1, 15) . However we know with certainty that in the population we studied here, none of these cardiac abnormalities were present at baseline, meaning that the BNP elevation at baseline was truly unexplained by any prevalent cardiac abnormality. This makes our study unique as most data on BNP being of prognostic significance over and above echocardiographic abnormalities did not do the comprehensive phenotyping that we did and in particular did not screen for myocardial ischemia, which is known to independently increase BNP (4) (5) (6) (7) 16) . In previous studies, some of the prognostic significance of BNP over and above resting echocardiographic abnormalities could be attributable to silent myocardial ischemia, which was not tested for in those studies. However, we have here demonstrated an additional explanation for why BNP is prognostic beyond echocardiographic abnormalities at baseline, which is that baseline BNP can identify those whose LVM will increase with time.
A lot of recent data are suggesting that measuring BNP might one day establish a role for itself in better managing patients with treated hypertension abnormalities. This study extends that information to now show that in those with no cardiac abnormality at baseline, the elevated residual risk identified by BNP is likely to be also related to future increases in LVM (18, 19) .
There are a few likely explanations for our results.
A time effect is likely in that a raised intracardiac pressure genuinely precedes the increase in LVM.
BNP is a much more sensitive marker for this The top diagram (A) uses the BNP tertile levels of this n ¼ 50 cohort; the lower diagram (B) uses the BNP tertile levels of the original larger n ¼ 300 cohort (1) . Tertiles for n ¼ 50: tertile I 5 to 6.40 pg/ml, tertile II 6.9 to 15.5 pg/ml, tertile III 18.6 to 37.5 pg/ml.
BSA ¼ body surface area; LVM ¼ left ventricular (LV) mass.
Nadir et al. one day be useful to prevent LVH from developing in susceptible patients already at target BP (20, 21) . This notion of using BNP-guided aggressive risk factor control to prevent future CV events is supported by the results of the STOP-HF trial (22) . In this trial a 42% relative risk reduction in the development of LV systolic dysfunction (with or without overt heart failure)
was seen with intensification of therapy in patients with CV risk factors and a BNP >50 pg/ml. Moreover, it is also conceivable that the use of novel CMR techniques to characterize the underlying tissue changes seen in the evolution of LVM may help to identify new therapeutic targets in future.
STUDY LIMITATIONS. As ever, there are limitations to our study. The number of individuals is relatively low (n ¼ 50); however, it uses CMR scanning, which is more sensitive than echocardiography. In fact, the mean difference between the top and bottom BNP tertiles at the end of 3 years was fairly large, nearly 12% of baseline LVMI. Moreover, this is a longitudinal study of the same individuals over time, which is more informative at understanding natural history than commonly performed cross-sectional studies.
Second, the fact that we preselected patients across a relatively wide range of BNP values at baseline with no serial measurements with time may have flattered our results, although this was not an unreasonable approach to maximize the costeffectiveness of our study because our primary aim or hypothesis was to see how individuals with high BNP levels differed over time from individuals with low BNP levels. This selection limitation is assuaged by 2 factors. First, the demography of our chosen cohort was virtually identical to the demography of the patients in our index study who had no target organ damage at baseline. Second, we used BNP tertiles from our index as well as the current study.
These 2 added analyses strongly suggest that selection bias did not influence our results, although future research with larger numbers would be required to confirm these findings. Finally, BNP (and hs-TnT) levels seen in our study (not unexpectedly) are at the lower end of the range, and imprecision of the assay may be relevant at these levels.
CONCLUSIONS
It now appears that optimally treated hypertensive patients with a top tertile BNP but a normal echocardiographic study are likely to experience an increase in LVM. This may in part explain why patients with high BNP levels and a normal echocardiographic study have a poor prognosis, including why they often experience atrial fibrillation and heart failure. The next stage would be tissue characterization with novel CMR techniques in the evolution of LVM and to see whether treatments that are known to regress established LVH can actually prevent LVH from developing in those identified to be at high risk by their having an otherwise unexplained high BNP.
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